Staphylococcal enterotoxin A (SEA) is a superantigen that stimulates T cells and induces the production of multiple cytokines. Previous studies have shown that SEA augments gustatory neophobia and activates the hypothalamic-pituitary-adrenal (HPA) axis. This study aimed to determine if the cytokine response, behavioral effects, and HPA axis activation persisted after repeated SEA treatment. Male C57BL/6J mice were given 1-4 intraperitoneal injections of 5 μg SEA, after which food intake, corticosterone, or peripheral cytokines were measured. In a series of experiments, it was found that secondary exposure to SEA two or three days after priming increased corticosterone, but attenuated splenic TNFα, while augmenting IL-1β, IL-2, and IFNγ. The anorexic response was intact after secondary exposure, but absent after a third injection, which was still able to elevate corticosterone. It is unlikely that IL-1 mediated the persistent effects on corticosterone, since this was increased in groups lacking corticosterone elevations. Similarly, TNFα was only modestly elevated under repeated SEA conditions that elevated plasma corticosterone. This attenuation appeared to be inversely related to the levels of IL-10, the production of which incrementally rose with each successive injection. In conclusion, repeated exposure to SEA activates the HPA axis and alters behavior. However, there may be dissociation between the behavioral and endocrine effects of SEA with increased SEA exposure. Furthermore, it is possible that while TNFα was previously shown to be important in response to acute SEA-induced HPA axis activation, further exposure to SEA elicits other cytokines that may exert neuromodulatory effects through sensitization and/or synergistic mechanisms.
Introduction
Staphylococcal enterotoxin A (SEA) is a well recognized immunogenic protein that belongs to the class of bacterial toxins known as superantigens (SAgs). A major property of SEA is the ability to stimulate T cells bearing the Vβ3 and Vβ11T cell receptor phenotypes, resulting in pronounced cytokine production and T cell proliferation. Similar effects on cytokine production are observed with other staphylococcal enteroxins, such as staphylococcal enterotoxin B (SEB) (Bette et al., 1993) . Indeed, rodents challenged with SEA or SEB produce high levels of interleukin-2 (IL-2) and tumor necrosis factor α (TNFα), and these changes are associated with activation of the hypothalamic-pituitary-adrenal (HPA) axis (Bette et al., 1993; Goehler et al., 2001; Gonzalo et al., 1993; Kusnecov and Goldfarb, 2005; Sundstedt et al., 1994) .
A single injection of SEA to C57BL/6J mice activates limbic brain regions and produces behavioral alterations, such as anorexia, neophobia and altered nocicpeption (Kawashima and Kusnecov, 2002; Rossi-George et al., 2005) . Moreover, the ability of SEA to stimulate the HPA-axis relies on the presence of reactive T lymphocytes, as well as endogenous TNFα (Kawashima and Kusnecov, 2002; Rossi-George et al., 2005) . Similarly, in response to a single exposure of SEA, animals lacking TNFα showed an attenuated c-Fos response in brain regions involved in mediating fear and anxiety, a blunted CORT response, and abrogated sickness-like behavior (Rossi-George et al., 2005) . Interestingly, IL-1 does not appear to mediate these effects, as suggested by undetectable plasma levels of IL-1β following SEA treatment, and persistent SEA-induced anorexic
